We have identi®ed the mouse telomerase reverse transcriptase component (mTERT) and demonstrate both substantial sequence homology to the human ortholog (hTERT), and the presence of reverse transcriptase and telomerase speci®c motifs. Furthermore, we show functional interchangeability with hTERT in in vitro telomerase reconstitution experiments, as mTERT produces strong telomerase activity in combination with the human telomerase RNA component hTR. The mouse TERT is widely expressed at low levels in adult tissues, with greatest abundance during embryogenesis and in adult thymus and intestine. The mTERT component mRNA levels were regulated during both dierentiation and proliferation, while mTR levels remained constant throughout both processes. Comparison of mTERT and mTR levels to telomerase activity indicates that mTERT expression is more tightly linked to the regulation of telomerase activity during these processes than is mTR. In contrast to the situation in human cell cultures, mTERT transcript levels are present at readily detectable levels in primary cultured cells and are not upregulated following crisis. The widespread expression of mTERT in primary cells and mouse tissues could explain the increased frequency of spontaneous immortalization of mouse cells in culture and tumorigenesis in vivo.
Introduction
Telomeres are nucleoprotein complexes that cap the physical termini of all eukaryotic chromosomes (Greider, 1996) and play essential roles in the maintenance of chromosomal integrity and cell viability. Telomeres consist of lengthy G-rich simple repeat sequences that are synthesized de novo by a specialized reverse transcriptase known as telomerase (Greider and Blackburn, 1985; Yu et al., 1990; Singer and Gottschling, 1994) . The telomerase core enzyme consists of an RNA component and a polypeptide that bears classical structural motifs and functional activities of a reverse transcriptase Nakamura et al., 1997 Nakamura et al., , 1998 Meyerson et al., 1997; Harrington et al., 1997; Kilian et al., 1997; . As conventional DNA-dependent DNA polymerases fail to fully replicate the ends of chromosomes, telomerase has evolved to serve as the primary means by which eukaryotic cells maintain telomere length with each cell division cycle. Most somatic human tissues and primary cells possess low or undetectable telomerase activity, leading to a steady decline in telomere length with continued organ renewal in vivo and with passage in culture. This progressive telomere shortening has been shown to provide a signal for entry of cells into a state of replicative senescence (Harley et al., 1990; Bodnar et al., 1998; Kim et al., 1994) .
The frequent occurrence of high telomerase activity in immortalized cells and in cancers has led to the hypothesis that telomerase reactivation represents a critical step in the neoplastic process (Kim et al., 1994) . Indeed, the presence of moderate basal telomerase activity in some mouse somatic tissues as opposed to the lack of it in most humans tissues could provide a basis for the greater ease of immortalization and higher cancer incidence in the mouse (Prowse and Greider, 1995) . The importance of telomerase reacivation in these settings may relate to the fact that marked genetic instability and cell death ensues as viral oncoproteins or mutational events drive cultures which would normally senesce, through additional rounds of replication coupled with accompanying telomere erosion (Counter et al., 1992) . However, the long telomeres and sustained growth of immortal human cultures lacking detectable telomerase activity and the ability of mouse embryonic ®broblasts (MEFs) nullizygous for the telomerase RNA to spontaneously immortalize or acquire a fully transformed phenotype support the existence of telomerase-independent mechanisms of telomere length maintenance (Bryan et al., 1995 (Bryan et al., , 1997 Blasco et al., 1997) . Nevertheless, the consistent repression of telomerase activity in primary cultures and tissues, and its reactivation in the vast majority of human and mouse cancers indicates that the regulation of telomerase is tightly linked to process of immortalization.
Previous studies have established that the telomerase RNA component in mouse (mTR) or humans (hTR) is invariably present in telomerase-positive cells and tissues and that RNA component levels and telomerase activity are coordinately down-regulated in most physiological settings and developing tissues (Feng et al., 1995; Blasco et al., 1995) . However, this correlation is not absolute as evidenced by the detection of telomerase RNA in cells and tissues lacking detectable telomerase activity (Feng et al., 1995; Blasco et al., 1995 Blasco et al., , 1996 Avilion et al., 1996) . Such ®ndings have indicated that the regulation of telomerase activity in some cases must involve mechanisms other than those modulating telomerase RNA gene expression. The human telomerase reverse transcriptase protein (previously hTRT, now known as hTERT) has recently been cloned by Nakamura et al. (1997) and by others under dierent names (hEST2, hTLP2, hTCS1, hTRT) (Meyerson et al., 1997; Harrington et al., 1997; Kilian et al., 1997; Nakayama et al., 1998) . These studies, using primary and immortalized human cell lines, have established that an additional level of telomerase activity regulation is achieved through mechanisms governing expression of hTERT Nakamura et al., 1997 Nakamura et al., , 1998 Meyerson et al., 1997; Harrington et al., 1997; Kilian et al., 1997) . In this study, we have isolated and characterized the mouse ortholog of hTERT with the goals of understanding the regulation of telomerase activity in normal and neoplastic processes in the mouse, providing insights into the immortalization behavior of mouse and human cells, and characterizing the catalytic activities of the mouse protein.
Results and discussion
Isolation and structural characterization of the mouse TERT cDNA A cDNA fragment of the recently cloned human TERT, containing the telomerase motif T and most of the conserved RT motifs (Nakamura et al., 1997) , was employed under low-stringency hybridization conditions to screen a mouse embryonal stem cell cDNA library. Nucleotide sequence analysis of a recombinant phage clone identi®ed an open reading frame (ORF) possessing extensive sequence homology with hTERT. This mouse cDNA clone corresponded to the 5' half of the human TERT ORF, the isolation of the remaining 3' portion of the mTERT ORF was accomplished through a combination of (i) 3' Rapid Ampli®cation of cDNA Ends ± Polymerase Chain Reaction (RACE ± PCR), (ii) hybrid Reverse Transcriptase ± Polymerase Chain Reaction (RT ± PCR) employing mTERT primers directed to the 3' end of the above cDNA and hTERT primers positioned at or near the end of the human ORF, and (iii) low-stringency hybridization employing a hTERT 3' ORF probe to screen plasmid subclones derived from an mTERT-containing bacterial arti®cial chromosome (Materials and methods). Assembly of the cDNA clones and PCR products yielded a cDNA fragment spanning 3497 bp and possessing an ATG-initiated ORF of 1122 amino acids predicted to encode a 127 kDa polypeptide with a pI of 10.4 ( Figure  1a ). Although an in-frame termination codon was not present in the available sequence upstream of the putative initiator codon, several features support the designation of the ATG codon as the initiator including its favorable Kozak consensus context, conservation in mouse and man, reduced conservation upstream of the ATG, and ability to give rise to an in vitro translation product similar in size to that produced by the human TERT ORF (see Figure 3) . That this predicted mTERT protein indeed represents the mouse telomerase reverse transcriptase catalytic protein is supported by the overall shared amino acid identity (similarity) of 64% (69%) with the human protein (Figure 1a) . Moreover, and Schizosacchromyces pombe (Nakamura et al., 1997 ) is indicated at the bottom of each motif. Conserved residues are marked according to: bold upper case=5/5; upper case=4/5; lower case h=A, L, I, V, P, F, W, M (hydrophobic); lower case c=D, E, H, K, R (charged); lower case p=G, S, T, Y, C, N, Q (polar); underlined=residues conserved in RT motifs the presence of motif T and all RT motifs from mammals to yeast implies that the catalytic properties of the mTERT protein are conserved over a large phylogenetic distance (Figure 1b ).
Chromosomal localization of mTERT
To ascertain the chromosomal location of the mTERT gene, we analysed the segregation of an mTERT-speci®c EcoRI restriction fragment length polymorphism in The Jackson Laboratory BSS interspeci®c backcross (Rowe et al., 1994) . The allele distribution pattern of the TERT locus showed that it cosegregated with D13Mit8 ( Figure  2 ) (Rowe et al., 1994; Xu et al., 1996) . Our analysis indicates that TERT ®ts the composite mouse chromosome 13 map near Mouse Genome Database oset 40, in proximity to the Srd5al, Adcy2, Dat1 and Slc9a3 genes. The region to which mTERT maps is syntenic to a conserved linkage group near the terminus of the short arm of human Chromosome 5 (band 15). The human gene was shown to map to 5p15.33 (Geron unpublished, accession #AF015950, Meyerson et al., 1997) which also contains the human Srd5a1, Adcy2, Dat1 and Slc9a3 genes. It is notable that, unlike the human gene, the mTERT gene does not map to the chromosomal terminus.
Reconstitution of telomerase activity with mTERT protein and human telomerase RNA components
To test directly whether the assembled mTERT cDNA encoded catalytic activity, in vitro telomerase reconstitution assays were performed according to Weinrich et al. (1997) . mTERT was expressed alone or in combination with hTR and telomerase activity was measured by a modi®ed version of the TRAP assay ; for a positive control, parallel assays were performed with hTERT and hTR. As shown in Figure 3 , the characteristic 6 bp ladder was generated by mTERT in the presence of hTR but not in its absence. TRAP activity was not seen with the mTERT mutant, mTERT-T, which is a truncated version of the polypeptide containing the ®rst 738 amino acids of mTERT, but lacking motifs B', C, D and E. These in vitro reconstitution studies demonstrate that the mTERT cDNA encodes telomerase RNA-dependent catalytic activity. Furthermore, mTERT and hTR can form a functional ribonucleoprotein complex despite species dierences between the telomerase RNAs, including a longer template domain for hTR (Feng et al., 1995; Blasco et al., 1995) .
Temporal and spatial patterns of mTERT expression in normal developing tissues
Analysis of human fetal and adult tissues has revealed that telomerase activity closely matches hTERT, but Figure 2 Chromosomal localization of mTERT. Depiction of mouse chromosome 13 showing linkage of TERT to D13Mit8 previously mapped in the Jackson Laboratory BSS interspeci®c backcross. The data give the map order; proximal-Ctla2a, Facc-4.25 cM+2.08 SE-D13Bir15 ± 2.13+1.49-D13Mit8, TERT-2.13+1.49-D13Mit9-distal. TERT ®ts the composite mouse chromosome 13 map near MGD oset 40 (cM) Figure 3 In vitro reconstitution of telomerase activity. Upper panel: The indicated combinations of mTERT, hTERT, hTR and control proteins were expressed in a rabbit reticulocyte transcription/translation system (TNT). Then 2.5 and 0.5 mL of the TNT reaction were assayed for telomerase activity using a modi®ed TRAP assay. mTERT-T is a truncated form of mTERT generated by digesting pGRN188 with BspEI prior to reconstitution, the translated protein contains amino acids 1 ± 738. The lysate lane is the assay of the TNT reaction with no added recombinant DNAs. The native lanes are assays of 1, 0.25 and 0.05 mL of native telomerase from 293 cell lysates. IC=internal control. Lower panel: Documentation of in vitro synthesized mTERT proteins. The TNT reactions described above were performed with [
35 S]methionine; 5 mL of each reaction were analysed by SDS ± PAGE to estimate the relative amounts of protein synthesized. The mTERT-T protein has an unexpected molecular weight of 85 kD; the relatively lower signal intensity of the truncated protein re¯ects that it has 70% of the methionine residues of full length mTERT. The minor amount of full length mTERT in the mTERT-T lane results from incomplete digestion of the parent DNA plasmid. The markers are 14 C protein standards (Amersham) not hTR, expression pro®les (Nakamura et al., 1997; Meyerson et al., 1997) . To determine whether similar correlations exist in the mouse, RNase protection assays (RPA) were performed on total RNAs derived from staged whole embryos and a panel of postnatal mouse tissues. The speci®city of the mTERT probe was con®rmed by its detection of a single genomic band on Southern blots and a unique transcript in total RNA derived from telomerase-positive transformed cells on Northern blots (data not shown). It is important to point out that, in all of the studies described in this report, mTERT transcripts are in very low abundance as evidenced by use of an internal b-actin riboprobe control with 500-fold less speci®c activity than the mTERT riboprobe. As shown in Figure 4 , relative to the b-actin internal control, mTERT transcripts were found to be higher in midgestational embryos (stages E9.5 through E15.5) compared with most postnatal tissues. mTERT transcripts were broadly distributed at varying levels in the panel of postnatal tissues assayed. Speci®cally, mTERT was expressed most prominently in (i) adult organs with detectable telomerase activity (thymus) (Feng et al., 1995) , (ii) high renewal and proliferative pro®les (intestine and testes), or (iii) signi®cant regenerative capacity (liver). The lung which continues to develop postnatally also showed moderate levels of mTERT expression. Conversely, organs with low proliferative indices (adult brain, heart, muscle and kidney) displayed lower levels of mTERT mRNA. If telomerase reactivation represents an important event in immortalization and tumorigenesis, then the broader expression and less stringent regulation of the mouse TERT gene and telomerase activity may provide a basis for the high rate of cancer in the mouse and explain why mouse cells spontaneously immortalize, whereas human cells do not (Miller, 1991) .
Reports of telomerase activity in approximately 90% of mouse tumors indicated that components of the telomerase enzyme may be expressed at high levels in mouse cancers or tumor-derivatived cell lines (Autexier and Greider, 1996) . To examine the role of mTERT expression in tumor-associated telomerase activation, RNase protection assays were performed with total RNAs derived from 8 dierent primary tumors or tumor cell lines including melanoma, lymphoid malignancies, and ®brosarcomas. In all samples, mTERT transcript levels were found to be 5 ± 10-fold higher than in normal mouse tissue or primary cells (data not shown). In contrast, hTERT levels are nearly undetectable in normal human cells, but are present in human tumor cell lines at levels at least 100 ± fold higher (Nakamura et al., 1997; Meyerson et al., 1997) .
Down-regulation of mTERT expression and telomerase activity in terminally dierentiated erythroleukemia cultures
The complex pattern of mTERT expression in normal tissues, coupled with the cell type heterogeneity of whole organs, prompted us to examine mTERT and mTR expression and telomerase activity in a wellde®ned cell cultured-based model for dierentiation, the mouse erythroleukemia (MEL) system. Total cellular RNA was extracted from MEL cells cultured for various times in 5 mM hexamethylene bisacetamide (HMBA, a dierentiation inducer) and mTERT expression was analysed by RPA. Hybridization signals were quanti®ed and the relative steady state levels of mTERT, normalized to the levels of b-actin, were plotted as a function of time of exposure to the dierentiation inducer (Figure 5a and d) . Induction of MEL cell dierentiation was associated with a biphasic change in the level of mTERT transcripts, a pattern that is also characteristic for Myc mRNA (Rao et al., 1996) . Speci®cally, the mTERT mRNA levels decreased at 2 h, became strongly upregulated between 12 and 36 h, and declined to nearly undetectable levels by 72 h. This late decline in mTERT mRNA levels parallels a marked decrease in telomerase activity ( Figure 5c ) and coincides with expression of the MEL dierentiated phenotype and terminal cell divisions (Lachman and Skoultchi, 1984) . The transient discordance between mTERT transcript levels and telomerase activity at early time points may re¯ect dierences in mTERT mRNA and protein stability as human telomerase activity has been estimated to have a Figure 4 Analysis of the expression pattern of mTERT in normal embryonic, newborn and adult mouse tissues by RNase protection assays. Mosue b-actin was used as an internal control in each reaction, at 1 : 500 lower speci®c activity than of the mTERT probe. E15.5H=15.5 day old embryo head portion; E15.5T=15.5 day old embryo trunk portion, NB=newborn, A=adult half life of approximately 24 h (Holt et al., 1996) . In contrast to the highly regulated pattern of mTERT expression, mTR levels remained nearly constant (Figure 5b ). Our results in dierentiated MEL cultures parallel those reported previously in human HL60 promyelocytic leukemia cells programmed to differentiate to mature granulocytes by treatment with retinoic acid (Meyerson et al., 1997) . These ®ndings, together with the tissue studies above, supports the view that the regulation of mTERT gene expression is a key determinant governing telomerase activity during cellular dierentiation.
Induction of mTERT in mitogen-induced splenocytes
Lymphocyte activation upon antigen receptor stimulation or mitogen exposure leads to a strong induction of telomerase activity (Buchkovich and Greider, 1996; Bodnar et al., 1996; Morrison et al., 1996) . To understand the basis for telomerase activation, mTERT and mTR expression were assayed in adult primary splenocytes cultured in the presence or absence of the T cell-speci®c mitogens phorbol myristic acid and ionomycin (PMA/I). As shown in Figure 6 , mTERT expression levels increased 7 ± 8-fold following PMA/I-treatment compared with 2 ± 3-fold increase in the untreated cultures (Figure 6a and b) . In contrast, mTR transcripts were readily detected in primary cultures and remained elevated during the 48 h culture period (Figure 6c ). Telomerase activity was detected only in the stimulated cultures and activity increased from 24 ± 48 h (Figure 6d) . Similar results were obtained in splenocyte cultures activated with lipopolysaccharide, a potent B cell mitogen (data not shown). These results indicate that mitogen-induced telomerase activation may result from a sharp increase in mTERT gene expression in the face of constant mTR levels. Furthermore, the 2 ± 3-fold increase in mTERT levels in the unstimulated telomerasenegative cultures is consistent with the hypothesis that a threshold level of mTERT may be required for detectable telomerase activity and/or that additional levels of regulation beyond those controlling steady-state mTERT mRNA levels contribute to telomerase regulation in primary lymphocytes.
mTERT and mTR expression in primary, senescent and immortal MEF cultures
Previous studies have shown that dramatic induction of mTR expression correlates with telomerase reactivation following the immortalization of adult mouse ®broblast cultures (Prowse and Greider, 1995; Blasco et al., 1995) . As primary mouse embryonic ®broblasts (MEFs) exhibit a high rate of spontaneous immortalization in culture, we examined telomerase activity and mTERT gene expression in early passage, senescent, and post-crisis MEFs cultures. Early passage MEFs were found to be telomerase-positive and expressed readily detectable mTERT transcript levels (Figure 7a ). With continued passage, the entry of cultures into a slow growth senescent phase (passage 10 ± 20) was associated with a decrease in telomerase activity and constant mTERT expression. As cells emerged from crisis and generated immortal cultures, telomerase activity was markedly upregulated and mTERT expression remained constant (Figure 7a ). These ®ndings are in sharp contrast to the highly regulated pattern of mTR gene expression described previously for mouse ®broblasts, showing low mTR levels pre-crisis and dramatic up-regulation in immortal cultures (Blasco et al., 1995) .
Previous studies in immortal NIH3T3 ®broblast cultures have demonstrated that telomerase activity is down-regulated as cultures growth arrest via serum starvation or contact inhibition (Xu et al., 1996) . To determine whether alteration in mTR or mTERT expression could account for telomerase regulation in these settings, NIH3T3 cells were grown as subcon¯uent cultures or allowed to achieve conuence for 4 days. Under these conditions, despite a signi®cant decline in telomerase activity (Figure 7d ), both mTR and mTERT transcripts remained constant (Figure 7b) . These results implicate mechanisms other than the control of steady state mTERT mRNA levels for the decline in telomerase activity in immortalized mouse ®broblasts. In vitro evidence indicates that protein phosphatase 2A is a potent inhibitor of telomerase, it will be interesting to determine if post-translational mechanisms such as phosphorylation state are involved in regulating telomerase activity in immortalized mouse fibroblasts (Li et al., 1997) .
A most interesting observation to emerge from our studies is the striking contrast between humans and mice in the regulation of TERT gene expression in senescent cultures and in postnatal tissues. Expression of the hTERT gene and concomitant activation of telomerase has been demonstrated to be sucient for extension of cellular replicative lifespan and bypass of the Hay¯ick limit for three dierent primary human cell lines (Bodnar et al., 1998) . If the regulation of TERT expression indeed represents a key gatekeeper for the transition to an immortal phenotype in the mouse, as it appears to be for human cells, then the continued expression of TERT in mouse cells and tissues could be an important permissive factor enabling their cancer-prone phenotype. With the isolation of the mouse and human TERT genes, the stage is now set for a comparative analysis of the mechanisms governing TERT gene expression in various physiological settings. Such studies will provide a more detailed understanding of the regulation and relevance of telomerase activation in normal and neoplastic processes in vivo.
Materials and methods

Cloning
Low stringency hybridizations were performed with DNA fragments hTERT A (pGRN121 nucleotides 729 ± 1932) and B (pGRN121 nucleotides 2278 ± 3421) probes in prehybridization and hybridization solutions containing 35% formamide at 378C for 12 h and subsequently washed three times for 30 min in 26SSC, 0.1% SDS at 568C (Nakamura et al., 1997) . A mouse ES cell lgt10 phage cDNA library (Clontech) was screened with radiolabeled hTERT A probe to initially identify an EcoRI fragment containing 1 ± 1970 of the mTERT ORF. Subsequent to obtaining this 5' cDNA clone, PCR was performed using cDNA generated from mouse testis poly(A) + mRNA (Clontech), as a template to produce RT ± PCR clone 1 which spans motifs 1 through D (Nakamura et al., 1997) . Brie¯y, nested PCR (70 cycles in total) was performed using two primer sets with 5' primers based on the mTERT cDNA clone sequence and 3' primers based on the human TERT sequence just downstream of motif C. RT ± PCR clone 2 was generated by performing nested PCR (55 cycles in total) using primers that anneal to the 3' end of RT ± PCR clone 1 and to the 5' end of a PstI fragment from the BAC clone that spans RT motifs D and E (Nakamura et al., 1997) . RT ± PCR clone 3 was generated by performing nested PCR (65 cycles in total) using two primer sets that anneal to RT ± PCR clone 2 and to the human TERT sequence within 30 bp of the stop codon. Finally, 3' RACE was performed using 3' RACE (GIBCO/BRL) and primers that anneal to the 3' end of RT ± PCR clone 3 to obtain the 3' terminus of mTERT and the 3' UTR. All PCR was performed using Taq polymerase and 5 ng of cDNA generated from mouse testis poly(A) + mRNA as template.
Construction of full length mTERT ORF cDNA
Error-free RT ± PCR products spanning motif 1 to the 3' UTR were generated using Pwo polymerase (Boehringer Mannheim). Brie¯y, cDNA was made from mouse testis poly(A) + mRNA (Clontech) using an oligo dT primer. Nested PCR reaction was then performed with Pwo polymerase: 948C/30', 688C/3' for 30 cycles using primers mTERT.10 (CGTCGATACTGGCAGATGCGG) and mTERT.53 (GTGCTGAGGCTACAATGCCCATGT), followed by 30 more cycles using primers mTERT.9 (CTTTTACATCACAGAGAGCAC) and mTERT.52 (CATGTTCATCTAGCGGAAGGAGACA). The PCR product was cloned into pCRII (Invitrogen), and ®ve independent clones were sequenced. The DNA sequence was identical for all ®ve clones and matched the sequence of the RT ± PCR and BAC clones described above. A DNA fragment from this RT ± PCR product that starts at a unique NheI restriction site located in the region of the overlap between this RT ± PCR product and the 5' mTERT cDNA clone and extends to a HindIII site in pCRII was transferred to the 5' mTERT cDNA clone to construct the full length mTERT ORF plasmid termed pGRN188.
Chromosomal mapping
EcoRI polymorphisms between C57Bl/6J and Mus spretus TERT loci were identi®ed by screening Southern blots of each DNA (2 mg) digested with EcoRI with a mTERT probe spanning nucleotides 1586 ± 1970. This polymorphism was scored in all 94 backcross progeny from the cross C57BL/6J x SPRET/Ei)F1 x SPRET/Ei from The Jackson Laboratory. The allele pattern of TERT was compared to the approximately 3200 other loci previously mapped in the Jackson BSS cross and linkage was found to loci on chromosome 13 (Figure 2 ).
Telomerase reconstitution
In vitro telomerase reconstitution assays were performed as described previously . Telomerase activity was measured by a modi®ed version of the TRAP assay .
Expression studies
Total cellular RNA was isolated by the LiCl/urea method as previously described (Schreiber-Agus et al., 1993) . RNase protection assays were performed using HybSpeed RPA kit (Ambion) according to the manufacturer protocol using 40 mg of total RNA per reaction point. RNA probes were synthesized with [a-32 P]UTP and T3 RNA polymerase using the MAXIscript kit (Ambion). The DNA template for mTERT probe synthesis was prepared by inserting a BamHI fragment of mTERT 1585 ± 1970 in an antisense orientation downstream of the T3 promoter in Bluescript KS( + ) (Stratagene). The resultant in vitro transcript is 474 nt long. Internal control b-actin probe as provided by the kit was synthesized at 1 : 500 lower speci®c activity. Reaction products were run on a 6% denaturing polyacrylamide gel, dried and exposed to Biomax MS ®lm (Kodak), for 1 ± 3 days. Quantitation was performed with a phosphorimager (Molecular Dynamics). Northern blot analysis using 20 mg of total RNA was performed as described elsewhere (Shreiber-Agus et al., 1993) .
Cell culture
MEFs were isolated on day E13.5 as described previously (Blasco et al., 1997) , and grown in Dulbecco's Modi®ed Eagle Medium (DMEM) (Gibco/BRL) supplemented with 10% fetal calf serum, 0.29 mg/mL glutamine, 0.03% penicillin and streptomycin and 25 mg/mL gentamycin sulfate. For NIH3T3 ®broblasts, 10% donor calf serum was substituted for fetal calf serum. In the MEL studies, MEL cell line DS19 were grown in log phase for 48 h 10% DME with glutamine and 0.03% penicillin/streptomycin, and then seeded at 2.5610 5 mL. Dierentiation was initiated by the addition of 5 mM HMBA (Lachman and Skoultchi, 1984) . Total cellular RNA was isolated at various time points following induction.
Splenocytes from C57Bl/6J mice were grown in RPMI (Gibco/BRL) containing 10% fetal calf serum, 0.29 mg/mL glutamine, 0.03% penicillin/streptomycin, 25 mg/mL gentamycin sulfate and 55 mM b-mercaptoethanol. Spleens were removed from 14 week old C57BL/6J mice and rinsed one time in PBS containing penicillin/streptomycin and gentimycin sulfate. They were then placed in mesh bags sealed at one end. Cells were placed into single cell suspension in RPMI media and then centrifuged for 10 min at 1500 r.p.m. Splenocytes were seeded in 10 cm suspension plates and activated by the addition of 20 mM phorbol myristic acid (PMA) and 1 mM ionomycin. Total cellular RNA from stimulated and unstimulated plates was isolated at 0, 24 and 48 h. Aliquots of 5610 5 cells were used for assaying telomerase activity using the TRAP procedure (Kim et al., 1994) .
Note added in proof
The nucleotide and amino acid sequence data reported for mTERT in this paper will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under the accession number AF051911.
